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DISPLAY DEVICE AND DRIVING METHOD THEREOF 

FIELD OF THE INVENTION 
The present invention relates to a display device 
which selects each line of a screen of a display section in 
which pixels are aligned in a matrix manner by applying a 
scanning signal to a scanning signal line of the pixel of each 
line so as to scan the screen, and also supplies a data 
signal from a data signal line to the pixel of the selected 
line so as to carry out display, and also relates to the 
driving method of the display device. 

BACKGROUND OF THE INVENTION 
Generally, as shown in Figure 10, an active matrix 
display device includes an active matrix panel 101 having 
pixels aligned in a matrix manner, a signal line driving 
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circuit 102 for driving a data signal line (not shown) in the 
active matrix panel 101, a scanning line driving circuit 103 
for driving a scanning line (not shown) in the active matrix 
panel 101, a frame memory 104 for storing a digital image 
signal transferred to the signal line driving circuit 102, and 
an analog circuit 105 for generating a signal (level voltage) 
which converts a digital image signal into an analog signal 
at the signal line driving circuit 102. 

The display device further includes a dot clock 
oscillation circuit (DCK oscillation circuit) 106, an H 
counter 107, and a V counter 108. 

The DCK oscillation circuit 106 oscillates a dot clock 
for transferring a digital image signal stored in the frame 
memory 104 to the signal line driving circuit 102 on a frame 
by frame basis. The dot clock oscillated from the DCK 
oscillsLtion circuit 106 is supplied to the signal line driving 
circuit 102 so as to be used as a sampling clock of an image 
signal. 

Further, the dot clock oscillated from the DCK 
oscillation circuit 106 is also supplied to the H counter 107. 
The H counter 107 generates a horizontal synchronization 
series signal based on the dot clock which has been 
supplied, and this horizontal synchronization series signal 
is supplied to the signal line driving circuit 102 and the 
scanning line driving circuit 103. 
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The horizontal synchronization series signal is used 
in the signal line driving circuit 102 as an output timing 
signal of the image signal for determining output timing to 
the active matrix panel 101, and is used in the scanning 
line driving circuit 103 as an output timing signal of the 
scanning signal for determining output timing to an active 
matrix panel 101. 

Further, the horizontal synchronization series signal 
generated in the H counter 107 is supplied to the V counter 
108. The V counter 108 generates a vertical 

synchronization series signal from the horizontal 
synchronization series signal, and supplies this signal to 
the scanning line driving circuit 103 so as to be used as a 
timing signal for controlling scanning start timing of the 
scanning line. 

Figure 11 shows respective waveforms of a dot clock 
(DCK) oscillated in the DCK oscillation circuit 106, a 
horizontal synchronization series signal (Hsync) generated 
in the H counter 107 and a vertical synchronization series 
signal (V sync) generated in the V counter 108 in a display 
device having the foregoing arrangement. 

Note that, since the DCK is higher in speed than the 
other signals (Hsync, Vsync), the period of this signal is 
dense (painted black) in the waveform shown in Figure 11, 

In the display device having the foregoing 
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arrangement, the scanning signal line in the active matrix 
panel 101 is driven at the timings shown in Figure 14(a). 
More specifically, the display device carries out display by 
sequentially applying a ON voltage to the scanning signal 
lines G(0), G(l), G(2), G(3), ... so as to turn on TFTs 
connected to the respective scanning lines. Here, "a 
scanning period" designates a period where a given 
scanning line is on. Further, a retrace period is provided 
between the respective scanning periods. 

However, assuming that the active matrix panel 101 
is a hold-type display element, which is, for example, a TFT 
liquid crystal panel, a period for holding a charge by the 
liquid crystal may be provided between the respective 
scanning periods. Since the charge is held by the liquid 
crystal in this period, no voltage application is necessary to 
the liquid crystal. Therefore, the driving circuits for 
driving the active matrix panel 101 are not required to be 
driven in this period. This period is referred to as an 
inaction period. 

A display device as an assumable example to realize 
such a driving method is shown in Figure 12. This display 
device including an inaction control circuit 109 for stopping 
driving circuits, i.e., a signal line driving circuit 102, a 
scanning line driving circuit 103, and an analog circuit 105. 

The inaction control circuit 109 generates a scan 
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signal (Scan signal) shown in Figure 13 from a horizontal 
synchronization series signal generated in the V counter 
108, and supplies the Scan signal to the signal line driving 
circuit 102, the scanning line driving circuit 103, and the 
analog circuit 105. 

The Scan signal is a binary signal whose level 
becomes high in the scanning period and becomes low in 
the inaction period. Accordingly, if the device is arranged 
to carry out operations of the signal line driving circuit 102, 
the scanning line driving circuit 103 and the analog circuit 
105 when the level of the supplied Scan signal is high, and 
to stop their operations when the level is low, power 
consumption in the inaction period can be reduced. Such 
a technology is disclosed in Japanese Unexamined Patent 
Publication No. 312253/2001 (published on November 9, 
2001 (Corresponding US Pub. No. 2002/0180673A1)). 

Here, with reference to Figures 15(a) and 15(b), the 
following will explain the respective power consumptions in 
case of performing the driving method for a display device 
shown in Figure 14(a) and the driving method for a display 
device shown in Figure 14(b). 

Figure 15(a) shows power consumption of the driving 
method for a display device shown in Figure 14(a), and 
Figure 15(b) shows power consumption of the driving 
method for a display device shown in Figure 14(b). 
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In the driving method for a display device shown in 
Figure 14(a), the all circuits included in the display device 
are always in operation, and therefore, as shown in Figure 
15(a), power consumption in one frame period is equal to 
the average power consumption of the display device. In 
this case, it is assumed that power consumption in one 
frame period is lOmW. 

On the other hand, in the driving method for a 
display device shown in Figure 14(b), among the circuits 
included in the display device, the signal line driving circuit 
102, the scanning line driving circuit 103 and the analog 
circuit 105 are controlled to stop their operations in a non- 
refresh period (the inaction period), and therefore the power 
consumption is high in a refresh period (the scanning 
period) and low in the non-refresh period, thus reducing 
average power consumption of the display device. 

Incidentally, since the display device shown in Figure 
12 is arranged so that a signal (horizontal synchronization 
series , signal, vertical synchronization series signal) for 
determining a frame for scanning and a frame for 
non-scanning is generated based on a dot clock from the 
DCK oscillation circuit 106, the DCK oscillation circuit 106 
is driven even in the non-refresh period. 

Besides, the DCK oscillation circuit 106 consumes 
great power due to the function for generating a high-speed 
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clock such as a timing clock used in the refresh period for 
determining such as writing timing. 

Therefore, even though reduction of the average 
power consumption is attempted by using the driving 
method for a display device shown in Figure 14(b) which 
can reduce power consumption in the inaction period, the 
operation of the DCK oscillation circuit 106 which 
consumes more power than the other driving circuits (the 
signal line driving circuit 102, the scanning line driving 
circuit 103 and the analog circuit 105) in the non-refresh 
period prevents the power consumption in the non-refresh 
period from being greatly reduced. 

For example, when the DCK oscillation circuit 106 
operates at 500kHz, the power consumption is found as 
2mW according to the graph shown in Figure 16. That is, 
the average power consumption in the non-refresh period 
shown in Figure 15(b) becomes close to 2mW. 

Here, assuming that the power consumption in the 
refresh period is lOmW, and the power consumption ratio of 
the refresh period to the non-refresh period is 1:9, the 
average power consumption is found as follows. 

(10mWxl+2mWx9)/ 10=2. 8mW, 

If the ratio of non refresh period is increased, the 
average power consumption can be decreased; however, the 
average power consumption still only becomes closer to 
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2mW, i.e., the power consumption in the non-scanning 
period, and the reduction cannot go further. More 
specifically, it is impossible to reduce the power 
consumption less than the power consumed in the circuits 
operating in the non-refresh period. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
display device which stops a circuit causing great power 
consumption in a non-refresh period so as to greatly reduce 
the average power consumption of a refresh period and the 
non-refresh period. 

In order to solve the foregoing problems, a display 
device of the present invention which selects each line of a 
screen having pixels aligned in a matrix manner and 
provided in a display section by applying a scanning signal 
to a scanning signal line of a pixel of each line so as to scan 
the screen, and supplies a data signal from a data signal 
line to a pixel of a selected line so as to carry out display, is 
characterized by including: a driving control circuit which 
stops driving of driving circuits provided for driving the 
display section, the driving control circuit stopping driving 
of the driving circuits in an inaction period where all 
scanning signal lines become non-scanning state, the 
inaction period being provided between scanning periods for 
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scanning the screen; and a clock signal generation circuit 
for generating a clock signal which is used for taking the 
data signal into the data signal line, wherein the driving 
control circuit stopping driving of the clock signal 
generation circuit in the inaction period, in addition to 
stopping driving of the driving circuits. 

Generally, the clock signal for taking a data signal to 
a data signal line is a high-speed signal such as a timing 
clock which determines writing timing etc. Since this clock 
has higher speed than that of a signal (such as a horizontal 
synchronization signal, or a vertical synchronization signal) 
for determining a frame for scanning and a frame for 
non-scanning, the clock signal generation circuit for 
generating this clock signal consumes more power than that 
consumed in the signal generation circuit for generating the 
signal for determining a frame for scanning and a frame for 
non-scanning. 

Therefore, as with the foregoing arrangement, the 
circuit consuming great power for generating a clock signal 
used for taking the data signal into the data signal line is 
stopped by the driving control circuit in the inaction period 
(the non-refresh period) provided between scanning periods 
(refresh periods) for scanning the screen, and therefore the 
power consumption in the inaction period can be greatly 
reduced. 
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Accordingly, the average power consumption of the 
scanning period and the inaction period can be greatly 
reduced, thereby realizing reduction of power consumption 
of the display device. 

The display device of the present invention may be 
arranged so that the display device further includes: an 
output timing clock generation circuit for generating an 
output timing clock which is used as an output timing 
signal of a driving signal to the display section from the 
driving circuits, wherein: the clock signal generation circuit 
generates the clock signal based on the output timing clock 
generated by the output timing clock generation circuit, and 
the driving control circuit stops driving of the output timing 
clock generation circuit in the inaction period. 

The output timing clock generated in the output 
timing clock generation circuit is used as an output timing 
signal of the driving signal and also for generating a clock 
signal in the clock signal generation circuit. Thus, the 
output timing clock is required to be generated in the 
scanning period but is not required to be generated in the 
non-scanning period. 

Therefore, as with the foregoing arrangement, the 
power consumption can be reduced by stopping the output 
timing clock generation circuit in the inaction period. 

The display device of the present invention may be 



11 



arranged so that the display device further includes: a start 
timing clock generation circuit for generating a start timing 
clock which is used as a scanning start timing signal of the 
driving circuits, wherein: the output timing clock generation 
circuit generates the output timing clock based on the start 
timing clock generated in the start timing clock generation 
circuit, and the driving control circuit stops driving of the 
start timing clock generation circuit in the inaction period. 

The start timing clock generated in the start timing 
clock generation circuit is used as a scanning start timing 
signal of the driving circuits and also for generating a 
output timing clock in the output timing clock generation 
circuit. Thus, the start timing clock is required to be 
generated in the scanning period but is not required to be 
generated in the non-scanning period. 

Therefore, as with the foregoing arrangement, the 
power consumption can be reduced by stopping the start 
timing clock generation circuit in the inaction period. 

The display device of the present invention may be 
arranged so that the clock signal generation circuit is a 
clock signal oscillation circuit for oscillating a clock signal. 

Generally, the clock signal generation circuit is in 
operation in the scanning period and not in operation in the 
non-scanning period, and therefore operation and cessation 
are alternately repeated with high frequency, and this may 
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cause some difficulties of designing of the clock signal 
generation circuit to be capable of generating the clock 
signal based on a clock having lower speed than that of the 
clock signal (such as the output timing clock used as an 
output timing signal of a driving signal to the display 
section from the driving circuits) for taking the data signal 
into the data signal line. Further, even when the designing 
is successfully done, there still may be instability of 
operation of the clock signal generation circuit. 

However, as described, if the generation of the clock 
signal in the clock signal generation circuit is not based on 
an external clock, the clock signal generation circuit can be 
provided individually from other clock signal generation 
circuits. Thus, designing of the clock signal generation 
circuit can be simplified since the circuit only requires the 
structure for increasing the frequency of the clock signal, 
and therefore, it is possible to prevent instability of 
operation. 

On this account, the display device can be stably 
driven. 

Further, the average power consumption of the 
scanning period and the inaction period can be reduced by 
extending the inaction period as much as possible. As an 
example for realizing this arrangement, liquid crystal 
display elements may be used for the pixels. 
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In this case, the inaction period can be extended by 
using liquid crystal display elements for the pixels, thereby 
reducing the average power consumption of the scanning 
period and the non-scanning period. 

When the pixels are made of liquid crystal display 
elements as with the foregoing case, and when the display 
device is adopted for a liquid crystal display device used in 
a mobile terminal such as a mobile phone, the power 
consumption of the display device can be greatly reduced, 
and therefore, if the inaction period is considered the 
standby period of the mobile phone for example, the power 
consumed in the standby state can be greatly reduced, thus 
extending the standby period in a mobile terminal such as a 
mobile phone. 

Further, in order to solve the foregoing problems, the 
driving method of the present invention for a display device 
which selects each line of a screen having pixels aligned in 
a matrix manner by applying a scanning signal to a 
scanning signal line of a pixel of each line so as to scan the 
screen, and supplies a data signal from a data signal line to 
a pixel of a selected line so as to carry out display, is 
characterized in that an inaction period is provided between 
the scanning periods for scanning the screen, and driving of 
a clock signal generation circuit for generating a clock 
signal which is used for taking the data signal into the data 
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signal line is stopped in the inaction period. 

With the foregoing arrangement, by stopping the 
clock signal generation circuit consuming great power in 
the inaction period, the average power consumption of the 
scanning period (the refresh period) and the inaction period 
(the non-refresh period) can be greatly reduced. 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram shown in a display device 
according to one embodiment of the present invention. 

Figure 2 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 1. 

Figure 3(a) is a drawing showing power consumption 
of a display device adopting a conventional inaction driving 
method. 

Figure 3(b) is a drawing showing power consumption 
of the display device shown in Figure 1 . 

Figure 4 is a block diagram of a display device 
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according to another embodiment of the present invention. 

Figure 5 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 4, 

Figure 6 is a block diagram of a display device 
according to still another embodiment of the present 
invention. 

Figure 7 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 6. 

Figure 8 is a block diagram of a display device 
according to yet another embodiment of the present 
invention. 

Figure 9 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 8. 

Figure 10 is a block diagram of a general display 
device. 

Figure 1 1 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 10. 
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Figure 12 is a block diagram of another general 
display device. 

Figure 13 is a drawing showing waveforms of a dot 
clock (DCK), a horizontal synchronization signal (Hsync), a 
vertical synchronization signal (Vsync) and a driving control 
signal (Scan) of the display device shown in Figure 12. 

Figure 14(a) is a drawing showing driving waveform of 
the display device shown in Figure 10. 

Figure 14(b) is a drawing showing driving waveform of 
the display device shown in Figure 12. 

Figure 15(a) is a drawing showing power consumption 
of a display device shown in Figure 10. 

Figure 15(b) is a drawing showing power consumption 
of a display device shown in Figure 12. 

Figure 16 is a graph showing the relation between 
oscillation frequency and power consumption. 

DESCRIPTION OF THE EMBODIMENTS 
[Embodiment 1] 

The following will explain one embodiment of the 
present invention. This embodiment uses a display device 
which selects each line of a screen provided in a display 
section and having pixels aligned in a matrix manner by 
applying a scanning signal to a scanning signal line of the 
pixel of each line so as to scan the screen, and also 
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supplies a data signal from a data signal line to the pixel of 
the selected line so as to carry out display. As to the 
driving method of the display device, the present 
embodiment uses an inaction driving method which 
provides an inaction period for stopping scanning of all 
scanning signal lines. The inaction period is provided 
between the respective scanning periods for scanning the 
screen- 
As shown in Figure 1, a display device according to 
the present embodiment includes an active matrix panel 1 
having pixels which are made of liquid crystal elements and 
aligned in a matrix manner, a signal line driving circuit 2 
for driving data signal lines (not shown) in the active matrix 
panel 1, a scanning line driving circuit 3 for driving 
scanning lines (not shown) in the active matrix panel 1, a 
frame memory 4 for storing a digital image signal 
transferred to the signal line driving circuit 2, and an 
analog circuit 5 for generating a signal (a level voltage) used 
for converting the digital image signal into an analog signal 
at the signal line driving circuit 2. 

The signal line driving circuit 2, the scanning line 
driving circuit 3 and the analog circuit 5 are circuits for 
driving the active matrix panel 1 which is provided as a 
display section. 

The display device further includes a DCK-PLL circuit 
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(a clock signal generation circuit) 6 as a dot clock 
oscillation circuit, a horizontal synchronization oscillation 
circuit (an output timing clock generation circuit) 7, a V 
counter (a start timing clock generation circuit) 8, and an 
inaction control circuit (a driving control circuit) 9. 

The DCK-PLL circuit 6 transfers a dot clock (a clock 
signal) to the signal line driving circuit 2 and the frame 
memory 4. Before the transfer, this dot clock is processed 
to be a high-speed clock in an internal PLL circuit by using 
a horizontal synchronization series signal supplied from the 
horizontal synchronization oscillation circuit 7. 

The dot clock transferred to the frame memory 4 is 
used as a timing clock for transferring the digital image 
signal stored in the frame memory 4 to the signal line 
driving circuit 2 on a frame by frame basis. The dot clock 
transferred to the signal line driving circuit 2 is used as a 
sampling clock for taking the image signal transferred from 
the frame memory 4 into the data signal line. 

The horizontal synchronization oscillation circuit 7 
oscillates a signal by itself so as to generate a horizontal 
synchronization series signal, and supplies the generated 
horizontal synchronization series signal (an output timing 
clock) to the signal line driving circuit 2 and the scanning 
line driving circuit 3, as well as the DCK-PLL circuit 6. 

The horizontal synchronization series signal 
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generated in the horizontal synchronization oscillation 
circuit 7 is used in the signal line driving circuit 2 as an 
output timing signal of the image signal for determining 
output timing to the active matrix panel 1, and is used in 
the scanning line driving circuit 3 as an output timing 
signal of the scanning signal for determining output timing 
to the active matrix panel 1. 

Further, horizontal synchronization series signal 
generated in the horizontal synchronization oscillation 
circuit 7 is also supplied to the V counter 8. The V 
counter 8 generates a vertical synchronization series signal 
(a start timing clock) from this horizontal synchronization 
series signal and supplies the generated signal to the 
scanning line driving circuit 3 so as to be used as a timing 
signal which controls scanning start timing of the scanning 
line. Note that, the vertical synchronization series signal 
generated in the V counter 8 is also supplied to the inaction 
control circuit 9. 

The inaction control circuit 9 is a driving control 
circuit for controlling stopping of the driving of the driving 
circuits including the signal line driving circuit 2, the 
scanning line driving circuit 3, the analog circuit 5; and 
also controlling stopping of the DCK-PLL circuit 6 which 
generates a dot clock for determining driving timing of these 
circuits. 
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Here, the inaction control circuit 9 generates a 
driving control signal, which becomes high level in the 
scanning period (a refresh period) and becomes low level in 
the non-scanning period (a non-refresh period), from the 
vertical synchronization series signal so as to carry out 
control of driving/ stopping of the driving circuits including 
the signal line driving circuit 2, the scanning line driving 
circuit 3, and the analog circuit 5, and the DCK-PLL circuit 
6. 

More specifically, the driving circuits including the 
signal line driving circuit 2, the scanning line driving 
circuit 3, and the analog circuit 5, and the DCK-PLL circuit 
6 are controlled so that they are driven when the driving 
control signal is high level, and are stopped when the 
driving control signal is low level. 

Therefore, in the display device having the foregoing 
arrangement, the DCK-PLL circuit 6 generates a dot clock 
DCK only when the driving control signal Scan generated in 
the inaction control circuit 9 is high level, as shown in 
Figure 2. Figure 2 shows respective waveforms of a dot 
clock DCK (since it is a high speed signal, the waves are 
continuous in the figure) generated in the DCK-PLL circuit 
6, a horizontal synchronization signal Hsync obtained by 
the horizontal synchronization series signal which is 
supplied to the signal line driving circuit 2, and a vertical 
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synchronization signal Vsync obtained by the vertical 
synchronization series signal which is supplied to the 
scanning line driving circuit 3, and a driving control signal 
generated in the inaction control circuit 9. 

As shown in Figure 2, since the DCK-PLL circuit 6 
driven in high-speed and consuming great power is stopped 
in the non-refresh period (the non-scanning period), the 
average power consumption of the scanning period and the 
non-scanning period can be greatly reduced. 

Next, with reference to Figures 3(a) and 3(b), the 
following will explain the difference between power 
consumption of the display device having the foregoing 
arrangement, and power consumption of a display device (a 
display device shown in Figure 12) driven by a conventional 
inaction driving method. Figure 3(a) is a drawing showing 
power consumption of a display device adopting a 
conventional inaction driving method. Figure 3(b) is a 
drawing showing power consumption of the display device 
having the foregoing arrangement. 

Here, it is assumed that the non-scanning period 
provided between the respective scanning periods has a 
period of nine times of that of the scanning period, and 
power consumption in each scanning period (refresh period) 
is lOmW. Further, it is also assumed that oscillation 
frequencies of the DCK-PLL circuit 6 and the DCK 
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oscillation circuit 106 are both 500Hz and thus the power 
consumption is found as around 2mW according to Figure 
16, 

In the display device driven by a conventional 
inaction driving method, the DCK oscillation circuit 106 
needs to operate even in the non-scanning period (the 
non-refresh period) so as to supply a dot clock to the H 
counter 107 and the V counter 108, as shown in Figure 12. 
Therefore, as shown in Figure 3(a), the average power 
consumption in the non-refresh period becomes close to 
2mW, and the average power consumption of the refresh 
period and the non-refresh period is found as 2.8mW by 
(10mWxl+2mWx9)/(l+9)- 

In this case, even with a long non-refresh period, the 
average power consumption only becomes close to 2mW, 
and cannot be reduced to be lower than 2mW. 

In the display device according to the present 
embodiment on the other hand, as shown in Figure 1, the 
DCK-PLL circuit 6 supplies a dot clock only to the frame 
memory 4 and the signal line driving circuit 2, i.e., the dot 
clock is not supplied to a circuit (a horizontal 
synchronization oscillation circuit 7, V counter 8) for 
generating a horizontal synchronization series signal and a 
vertical synchronization series signal. 

Accordingly, in the display device shown in Figure 1, 
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the average power consumption of the scanning period and 
the non-scanning period can be more greatly reduced 
compared to the conventional display device since the dot 
clock oscillation by the DCK-PLL circuit 6 consuming great 
power is stopped in the non-refresh period. 

When the DCK-PLL circuit 6 is stopped in the 
non-refresh period, power consumption for driving other 
circuits etc. becomes approximately 0.5mW. In this case, 
the average power consumption of the scanning period and 
the non-scanning period is found as follows. 

(10mWxH-0.5mWx9)/(l+9) «1.5mW 

In this case, by increasing the ratio of the 
non-refresh period, it becomes possible to bring the average 
power consumption of the scanning period and the 
non-scanning period to be close to O.SmW as much as 
possible. 

It follows from what has been said that, when the 
display device of Figure 1 is adopted in a mobile phone for 
example, a period of standby state can be extended if the 
power consumption in the non-refresh period is reduced. 
More specifically, if the non-refresh period is considered the 
standby period of a mobile phone, the power consumed in 
the standby state can be reduced, thus extending the 
standby period. There has been a demand for the power 
consumption in the standby state of a mobile phone to be 
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not more than 0.5mW, for example. The present invention 
can meet this demand, and besides, as described, the 
average power consumption of the scanning period and the 
non-scanning period can be almost at or less than 0.5mW 
by increasing the ratio of the non-refresh period, and 
therefore the average power consumption of the power 
consumption at the standby state and the power 
consumption at the speaking time can be greatly reduced in 
a mobile phone. As a result, the number of buttery 
charging of a mobile phone can be reduced. 

In case of a display device having a high-speed circuit 
(a circuit consuming great power) for oscillating a dot clock, 
and a low-speed circuit (a circuit consuming small power) 
for oscillating a horizontal synchronization series signal 
and a vertical synchronization series signal, as with the one 
of the present embodiment, by stopping the high-speed 
circuit consuming great power in the non-scanning period 
(non-refresh period) where a dot clock is not necessary, the 
average power consumption of the scanning period and the 
non-scanning period can be reduced. Accordingly, the 
display device of the present invention is not limited to the 
display device shown in Figure 1, and display devices 
having arrangements shown in the following embodiments 
may also be adopted. 
[Embodiment 2] 



25 



The following will explain another embodiment of the 
present invention. Note that, as with Embodiment 1, the 
present embodiment also uses an active matrix display 
device adopting the inaction driving method. Therefore, for 
ease of explanation, materials having the equivalent 
functions as those shown in the drawings pertaining to 
Embodiment 1 above will be given the same reference 
symbols, and explanation thereof will be omitted here. 

As shown in Figure 4, the display device according to 
the present embodiment includes a medium-speed PLL 
circuit (an output timing clock generation circuit) 10 and a 
vertical synchronization oscillation circuit (a start timing 
clock generation circuit) 11, which are provided respectively 
instead of the horizontal synchronization oscillation circuit 
7 and the V counter 8 of the display device of Embodiment 
1 which is shown in Figure 1. 

The vertical synchronization oscillation circuit 1 1 
oscillates a signal by itself so as to generate a vertical 
synchronization series signal (a start timing clock), and 
supplies the generated vertical synchronization series signal 
to the scanning line driving circuit 3, the inaction control 
circuit 9, and the medium-speed PLL circuit 10. The 
scanning line driving circuit 3 and the inaction control 
circuit 9 have the same arrangements as those of 
Embodiment 1, and therefore minute explanations of those 
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are omitted here. 

The medium-speed PLL circuit 10 is a PLL circuit 
which is lower in speed than the PLL circuit in the DCK-PLL 
circuit 6. The medium-speed PLL circuit 10 generates a 
horizontal synchronization series signal (an output timing 
clock) by using the vertical synchronization series signal 
supplied from the vertical synchronization oscillation 
circuit 11- The horizontal synchronization series signal is 
transferred to the signal line driving circuit 2 and the 
DCK-PLL circuit 6. 

The horizontal synchronization series signal is used 
in the signal line driving circuit 2 as a horizontal 
synchronization signal Hsync, and also is converted into a 
dot clock in the DCK-PLL circuit 6 by being processed to be 
a high-speed clock in an internal PLL circuit. 

Here, the display device shown in Figure 4 is 
arranged so that the inaction control circuit 9 also controls 
stopping of the driving of the medium-speed PLL circuit 10, 
as well as those driving circuits including the signal line 
driving circuit 2, the scanning line driving circuit 3, the 
analog circuit 5, and the DCK-PLL circuit 6. 

The inaction control circuit 9 generates a driving 
control signal Scan based on the vertical synchronization 
series signal supplied from the vertical synchronization 
oscillation circuit 11. The driving circuits, the DCK-PLL 
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circuit 6 and the medium-speed PLL circuit 10 are 
controlled so that they are driven when the driving control 
signal Scan is high level, and are stopped when the driving 
control signal Scan is low level. 

Therefore, in the display device having the foregoing 
arrangement, the dot clock DCK and the horizontal 
synchronization signal Hsync are oscillated when the 
driving control signal Scan is high level, and the dot clock 
DCK and the horizontal synchronization signal Hsync are 
not oscillated when the driving control signal Scan is low 
level, as shown in Figure 5, namely, the DCK-PLL circuit 6 
and the medium-speed PLL circuit 10 are stopped. 

On this account, when the driving control signal Scan 
is low level, i.e., in the non-scanning period, the 
medium-speed PLL circuit 10 for oscillating the horizontal 
synchronization series signal may also be stopped as well as 
the driving circuits and the DCK-PLL circuit 6, thereby 
further reducing the power consumption in the non-refresh 
period to be even less than that of Embodiment 1. 
[Embodiment 3] 

The following will explain still another embodiment of 
the present invention. Note that, as with Embodiment 2, 
the present embodiment also uses an active matrix display 
device adopting the inaction driving method. Therefore, for 
ease of explanation, materials having the equivalent 
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functions as those shown in the drawings pertaining to 
Embodiment 2 above will be given the same reference 
symbols, and explanation thereof will be omitted here. 

The display device according to the present 
embodiment includes an inaction cycle oscillation circuit (a 
driving control circuit) 12 and a low-speed PLL circuit (a 
start timing clock generation circuit) 13, which are provided 
respectively instead of the inaction control circuit 9 and the 
vertical synchronization oscillation circuit 1 1 of the display 
device of Embodiment 2 which is shown in Figure 4. 

The inaction cycle oscillation circuit 12 oscillates a 
signal by itself so as to generate a driving control signal 
Scan, and supplies the generated driving control signal 
Scan to the DCK-PLL circuit 6, the medium-speed PLL 
circuit 10 and the low-speed PLL circuit 13 as well as the 
driving circuits including the signal line driving circuit 2, 
the scanning line driving circuit 3, the analog circuit 5. 
Here, as with Embodiment 2 above, the driving circuits, the 
DCK-PLL circuit 6, and the medium-speed PLL circuit 10 
are stopped with the supply of the driving control signal 
Scan. 

The low-speed PLL circuit 13 is a PLL circuit which is 
lower in speed than the medium-speed PLL circuit 10. The 
low-speed PLL circuit 13 generates a vertical 
synchronization series signal (a start timing clock) by using 
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the driving control signal Scan which has been supplied. 

The vertical synchronization series signal thus 
generated in the low-speed PLL circuit 13 is supplied to the 
scanning line driving circuit 3 and the medium-speed PLL 
circuit 10. The vertical synchronization series signal is 
used in the scanning line driving circuit 3 as a vertical 
synchronization signal Vsync and also is used in the 
medium-speed PLL circuit 10 for generating a horizontal 
synchronization series signal. 

Here, the display device shown in Figure 6 is 
arranged so that the inaction cycle oscillation circuit 12 
also controls stopping of the driving of the low-speed PLL 
circuit 13 as well as those driving circuits including the 
signal line driving circuit 2, the scanning line driving 
circuit 3, the analog circuit 5, and the DCK-PLL circuit 6, 
and the medium-speed PLL circuit 10. 

The driving circuits, the DCK-PLL circuit 6, the 
medium-speed PLL circuit 10, and the low-speed PLL circuit 
13 are controlled so that they are driven when the driving 
control signal Scan oscillated in the inaction cycle 
oscillation circuit 12 is high level, and are stopped when 
the driving control signal Scan is low level. 

Therefore, in the display device having the foregoing 
arrangement, the dot clock DCK, the horizontal 
synchronization signal Hsync and the vertical 
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synchronization signal Vsync are oscillated when the 
driving control signal Scan is high level, and the dot clock 
DCK, the horizontal synchronization signal Hsync and the 
vertical synchronization signal Vsync are not oscillated 
when the driving control signal Scan is low level, as shown 
in Figure 5; namely, the DCK-PLL circuit 6 and the 
medium-speed PLL circuit 10 and the inaction cycle 
oscillation circuit 12 are stopped. 

On this account, when the driving control signal Scan 
is low level, i.e., in the non-scanning period, the low-speed 
PLL circuit 13 for oscillating the vertical synchronization 
series signal may also be stopped as well as the driving 
circuits, the DCK-PLL circuit 6 and the medium-speed PLL 
circuit 10, thereby further reducing the power consumption 
in the non-refresh period to be even less than that of 
Embodiment 2. 

All of the described embodiments above are arranged 
so that a low-speed clock is converted into a high-speed dot 
clock in the PLL circuit provided inside of the DCK-PLL 
circuit. In this arrangement, operation and cessation are 
alternately repeated with high frequency for some types of 
device, and this may cause some difficulties of designing of 
the PLL circuit. Further, even when the designing is 
successfully done, there still may be instability of operation. 
Thus, the following Embodiment 4 will explain a display 
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device for solving these problems. 
[Embodiment 4] 

The following will explain yet another embodiment of 
the present invention. Note that, as with Embodiment 1, 
the present embodiment also uses an active matrix display 
device adopting the inaction driving method. Therefore, for 
ease of explanation, materials having the equivalent 
functions as those shown in the drawings pertaining to 
Embodiment 1 above will be given the same reference 
symbols, and explanation thereof will be omitted here. 

The display device according to the present 
embodiment includes a DCK oscillation circuit (a clock 
signal generation circuit) 14 and a horizontal period 
oscillation circuit (an output timing clock generation 
circuit) 15, which are provided respectively instead of the 
DCK-PLL circuit 6 and the horizontal synchronization 
oscillation circuit 7 of the display device of Embodiment 1 
which is shown in Figure 8. 

The DCK oscillation circuit 14 has the same 
arrangement as that of the DCK-PLL circuit 6 shown in 
Figure 1 except for omission of the internal PLL circuit. 
The DCK oscillation circuit 14 oscillates a signal by itself so 
as to generate a dot clock. Therefore, the DCK oscillation 
circuit 14, as a high-speed driving circuit, is not supplied 
with an external signal and therefore is provided as an 
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individual circuit. 

Further, in contrast to the horizontal synchronization 
oscillation circuit 7 shown in Figure 1, the horizontal period 
oscillation circuit 15 oscillates a signal by itself so as to 
generate a horizontal synchronization series signal (an 
output timing clock), and supplies the generated horizontal 
synchronization series signal to the V counter 8 as well as 
the signal line driving circuit 2 and the scanning line 
driving circuit 3. 

The V counter 8 generates a vertical synchronization 
series signal by using the supplied horizontal 
synchronization series signal, and supplies the generated 
signal to the scanning line driving circuit 3 and the inaction 
control circuit 9. 

The vertical synchronization series signal is used in 
the scanning line driving circuit 3 for controlling scanning 
start timing, and is used in the inaction control circuit 9 for 
generating a driving control signal Scan. 

Here, the inaction control circuit 9 generates a 
driving control signal, which becomes high level in the 
scanning period (a refresh period) and becomes low level in 
the non-scanning period (a non-refresh period), from the 
vertical synchronization series signal so as to carry out 
control of driving/ stopping of the driving circuits including 
the signal line driving circuit 2, the scanning line driving 
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circuit 3, and the analog circuit 5, and the DCK oscillation 
circuit 14. 

More specifically, the driving circuits including the 
signal line driving circuit 2, the scanning line driving 
circuit 3, and the analog circuit 5, and the DCK oscillation 
circuit 14 are controlled so that they are driven when the 
driving control signal is high level, and are stopped when 
the driving control signal is low level. 

Therefore, in the display device having the foregoing 
arrangement, the DCK oscillation circuit 14 generates a dot 
clock DCK only when the driving control signal Scan 
generated in the inaction control circuit 9 is high level, as 
shown in Figure 9. 

As shown in Figure 9, since the DCK oscillation 
circuit 14 consuming great power can be stopped in the 
non-refresh period (the non-scanning period), the average 
power consumption of the scanning period and the 
non-scanning period can be greatly reduced. 

Beside, the DCK oscillation circuit 14 generating a 
dot clock by oscillating a signal by itself, and therefore not 
requiring a PLL circuit for converting a low-speed clock into 
a high-speed clock. On this account, the designing of the 
DCK oscillation circuit 14 can be simplified, and also it 
becomes possible to prevent instability due to speed 
conversion of the clock, thereby providing a stable DCK 
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oscillation circuit 14 with a simple structure. 

Accordingly, the display device shown in Figure 8 is 
capable of realizing both reduction of power consumption 
and stability of the device at the same time. 

There are no specific limitations for the active matrix 
panel 1 in the described Embodiments 1 through 4; however, 
the present invention allows use of an amorphous silicon, a 
polysilicon, a CGS, or the like for the active matrix panel. 

An active matrix panel using an amorphous silicon 
carries out line-sequential driving in which an image signal 
is written to the panel for each horizontal line; in contrast, 
an active matrix panel using a polysilicon or a CGS may 
perform point-sequential driving in which an image signal is 
written for each dot. 

In this case, not only the dot clock but also the 
timing clock used for the point-sequential driving is a type 
of high-speed clock, and therefore a circuit for generating 
the timing clock for the point-sequential driving is also 
regarded a high-speed circuit as well as the DCK-PLL circuit 
6 etc. Accordingly, it is required to also stop this circuit 
for generating the timing clock for the point- sequential 
driving in the inaction period. 

Further, there are no specific limitations for the pixel 
scanning method of the active matrix panel 1; however, the 
present invention allows use of such as line-sequential 
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scanning driving, point-sequential scanning driving or the 
like. 

Further, the respective embodiments above use liquid 
crystal display elements as the pixels constituting the 
active matrix panel 1; however, the present invention is not 
limited to this type of elements, and any hold-type display 
elements capable of holding voltage application may be used 
in addition to the liquid crystal display elements. 

Further, since the present invention provides a 
technology effective for any general active matrix display 
devices, the display device of the present invention can be 
adopted for not only a liquid crystal active matrix display 
device but also other active matrix display devices such as 
an organic EL. 

As described, the display device of the present 
invention which selects each line of a screen having pixels 
aligned in a matrix manner and provided in a display 
section by applying a scanning signal to a scanning signal 
line of a pixel of each line so as to scan the screen, and 
supplies a data signal from a data signal line to a pixel of a 
selected line so as to carry out display, is arranged so that: 
the display device includes a driving control circuit which 
stops driving of driving circuits provided for driving the 
display section, the driving control circuit stopping driving 
of the driving circuits in an inaction period where all 
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scanning signal lines become non-scanning state, the 
inaction period being provided between scanning periods for 
scanning the screen; and a clock signal generation circuit 
for generating a clock signal which is used for taking the 
data signal into the data signal line, wherein the driving 
control circuit stopping driving of the clock signal 
generation circuit in the inaction period, in addition to 
stopping driving of the driving circuits. 

Therefore, the circuit for generating a clock signal 
used for taking the data signal into the data signal line is 
stopped by the driving control circuit in the inaction period 
(the non-refresh period) provided between scanning periods 
(refresh periods) for scanning the screen, and therefore the 
power consumption in the inaction period can be greatly 
reduced. 

Accordingly, the average power consumption of the 
scanning period and the inaction period can be greatly 
reduced, thereby realizing reduction of power consumption 
of the display device. 

The display device of the present invention may be 
arranged so that the display device further includes: an 
output timing clock generation circuit for generating an 
output timing clock which is used as an output timing 
signal of a driving signal to the display section from the 
driving circuits, wherein: the clock signal generation circuit 
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generates the clock signal based on the output timing clock 
generated by the output timing clock generation circuit, and 
the driving control circuit stops driving of the output timing 
clock generation circuit in the inaction period. 

The output timing clock generated in the output 
timing clock generation circuit is used as an output timing 
signal of the driving signal and also for generating a clock 
signal in the clock signal generation circuit. Thus, the 
output timing clock is required to be generated in the 
scanning period but is not required to be generated in the 
non-scanning period. 

Therefore, as with the foregoing arrangement, the 
power consumption can be reduced by stopping the output 
timing clock generation circuit in the inaction period. 

The display device of the present invention may be 
arranged so that the display device further includes: a start 
timing clock generation circuit for generating a start timing 
clock which is used as a scanning start timing signal of the 
driving circuits, wherein: the output timing clock generation 
circuit generates the output timing clock based on the start 
timing clock generated in the start timing clock generation 
circuit, and the driving control circuit stops driving of the 
start timing clock generation circuit in the inaction period. 

The start timing clock generated in the start timing 
clock generation circuit is used as a scanning start timing 
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signal of the driving circuits and also for generating a 
output timing clock in the output timing clock generation 
circuit. Thus, the start timing clock is required to be 
generated in the scanning period but is not required to be 
generated in the non-scanning period. 

Therefore, as with the foregoing arrangement, the 
power consumption can be reduced by stopping the start 
timing clock generation circuit in the inaction period. 

The display device of the present invention may be 
arranged so that the clock signal generation circuit is a 
clock signal oscillation circuit for oscillating a clock signal. 

Therefore, since the generation of the clock signal in 
the clock signal generation circuit is not based on an 
external clock, the clock signal generation circuit can be 
provided individually from other clock signal generation 
circuits. When the clock signal generation circuit is 
individually provided as with the foregoing case, designing 
of the clock signal generation circuit can be simplified since 
the circuit only requires the structure for increasing the 
frequency of the clock signal, and therefore, it is possible to 
prevent instability of operation. On this account, the 
display device can be stably driven. 

Further, the average power consumption of the 
scanning period and the inaction period can be reduced by 
extending the inaction period as much as possible. As an 
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example for realizing this arrangement, liquid crystal 
display elements may be used for the pixels. 

In this case, the inaction period can be extended by 
using liquid crystal display elements for the pixels, thereby 
reducing the average power consumption of the scanning 
period and the non-scanning period. 

When the pixels are made of liquid crystal display 
elements as with the foregoing case, and when the display 
device is adopted for a liquid crystal display device used in 
a mobile terminal such as a mobile phone, the power 
consumption of the display device can be greatly reduced, 
and therefore, if the inaction period is considered the 
standby period of the mobile phone for example, the power 
consumed in the standby state can be greatly reduced, thus 
extending the standby period in a mobile terminal such as a 
mobile phone. 

Further, in order to solve the foregoing problems, the 
driving method of the present invention for a display device 
which selects each line of a screen having pixels aligned in 
a matrix manner by applying a scanning signal to a 
scanning signal line of a pixel of each line so as to scan the 
screen, and supplies a data signal from a data signal line to 
a pixel of a selected line so as to carry out display, is 
characterized in that an inaction period is provided between 
the scanning periods for scanning the screen, and driving of 
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a clock signal generation circuit for generating a clock 
signal which is used for taking the data signal into the data 
signal line is stopped in the inaction period. 

With the foregoing arrangement, by stopping the 
clock signal generation circuit consuming great power in 
the inaction period, the average power consumption of the 
scanning period and the inaction period can be greatly 
reduced. 

The embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details of 
the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 
patent claims set forth below. 



